1. Introduction {#sec0005}
===============

*Juniperus procera* belong to Cupressaceae family, its widely investigated as a source of natural drugs with potential antimicrobial, anticancer, antioxidant and insecticidal activities \[[@bib0005], [@bib0010], [@bib0015]\]. From different literatures, more than 65 species associated to Juniperus and distributed throughout the world. Analysis of *J. procera* extracts confirmed the existence of various ingredients that may reflect its pharmacological properties \[[@bib0020]\]. For example, *J. communis* is traditionally used for healing urinary infections and *J. oxycedrus* is used as a remedy for dermatological infections \[[@bib0025]\]. According to Newall et al. \[[@bib0030]\], plants producing non-phenolic essential oils, like some *Juniperus* species, are also used in folk medicines as antiseptics.

*Aspergillus flavus* contaminates a wide range of cereals, fruits, vegetables and nuts; and produce aflatoxins which are carcinogenic and mutagenic \[[@bib0035]\]. As mentioned before, the natural antifungal agents from plants can be potential exploited in controlling the growth of fungi consequently inhibiting aflatoxin formation \[[@bib0040], [@bib0045], [@bib0050], [@bib0055]\]. Pankaj et al. \[[@bib0060]\] investigated the different fractions of *J. communis* leaves and bark, it inhibit the growth of aflatoxigenic *A. flavus* and *A. niger*. Extracts from the aerial parts of *J. lucayana* were assayed against phytopathogenic fungus *Botrytis cinerea*. The results obtained by Abd El-Ghany \[[@bib0045]\] indicated that the productivity percentage of different mycotoxins including aflatoxins B~1~, aflatoxin B~2~, sterigmatocystin, cyclopiazonic acid and fusaric acid was reduced as a result of treatment by *J*. *procera* extract. Recently, Nivalenol, gliotoxin and neosolaniol production was inhibited with using *J. procera* fruit extract \[[@bib0020]\]. Different types of nanomaterials like copper, zinc, titanium \[[@bib0065]\], magnesium, gold \[[@bib0070]\], alginate \[[@bib0075]\] and silver have come up but silver nanoparticles (AgNPs) have proved to be most effective and applied as it has good antimicrobial efficacy \[[@bib0080], [@bib0085], [@bib0090], [@bib0095], [@bib0100]\].

According to Kim et al. \[[@bib0105]\] the antifungal activity of AgNPs against the phytopathogen *Raffaelea* sp. was recorded through repress the fungal growth and development and damaged cell walls and therefore AgNPs may use to eradicate phytopathogens. Not only, phytopathogens but human pathogenic fungi and human pathogenic bacteria \[[@bib0110]\] were controlled by AgNPs, beside other applications such as cytotoxic activity using rat splenocytes \[[@bib0115],[@bib0120]\] and human normal melanocytes \[[@bib0125]\].

According to Duran et al. \[[@bib0130]\] utilizing of AgNPs can be exploited in medicine for burn treatment, dental materials, coating stainless steel materials, textile fabrics, water treatment, sunscreen lotions, and posses low toxicity to human cells, high thermal stability and low volatility. Unfortunately, studies on the antimicrobial activity of AgNPs have been performed mostly on animal pathogens \[[@bib0135]\]. Indeed, several pieces of evidence support the hypothesis that AgNPs have enhanced antimicrobial activity \[[@bib0095]\]. It has also been shown that AgNPs efficiently penetrate microbial cells \[[@bib0135]\]. In a previous study, it was observed that AgNPs disrupt transport systems and degradation of deoxyribonucleic acid \[[@bib0140]\]. Over the years, there has been an increase in the need to identify and isolate the fungi associated with their spoilage. The present study was conducted to control of *A. flavus* and aflatoxins production by *J. procera* extracts and study their synergistic activity with silver nanoparticles.

2. Material and methods {#sec0010}
=======================

2.1. Plant used as antifungal {#sec0015}
-----------------------------

*J. procera* was collected from Jazan region-south of Saudi Arabia and identified by Dr. Yehia masrahy Associate Professor of Plant Ecology, Biology department, Faculty of science, Jazan University, KSA according to Migahid \[[@bib0145]\] and Chaudhary \[[@bib0150]\].

2.2. Preparation of plant extracts (PE) {#sec0020}
---------------------------------------

Fresh stems (600 g) of *J. procera* were air dried at room temperature (40 °C) for 5 days, ground into powder using an electric grinder model: 5620, made in Korea. Samples from shade dried powder of plant stems were extracted with water (5400 mL) and methanol (1500 mL) alone. All the extracted were concentrated separately using rotary flask evaporator and preserved at 5 °C in an air tight brown bottle until future use.

2.3. Source of fungal isolation {#sec0025}
-------------------------------

Spoilage fruit and vegetables including Tomatoes Apple and Figs were collected from different localities of Jazan region. Randomly selected spoilt fruits and vegetables were cut into small segments (2 mm in diameter) with a sterilized blade, surface sterilized in 1 % hypochlorite for 2 min, plated on PDA aseptically and then incubated at 28 ± 2 °C for 5 days. A pure fungal culture was obtained and maintained by sub-culturing each of the different colonies that emerged onto the PDA plates and incubating at 28 ± 2 °C for 5 days. Healthy fruits and vegetables used as a control for fungal isolation as mentioned in spoilt fruits and vegetables.

2.4. Characterization and Identification of mycotoxin producing fungus {#sec0030}
----------------------------------------------------------------------

Identification of mycotoxin producing fungus was depend on macroscopic and microscopic examination including color and shapes of colonies, shape and diameter of hyphea, conidiophores, conidia and phialide according to Raper and Fennell \[[@bib0155]\], Samson et al. \[[@bib0160]\]. The identification was achieved by placing a drop of cotton blue in lacto phenol stain on a clean slide with the aid of a mounting needle where a small portion of the fungal mycelium from the edge of culture was removed and placed in a drop and lacto-phenol, a cover slip was gently placed with little pressure to eliminate air bubbles the slides was then mounted and observed with the aid of objectives lens (10−40x).

2.5. Silver nanoparticles (AgNPs) {#sec0035}
---------------------------------

AgNPs (chemically synthesized \< 100 nm) were obtained from Sigma-Aldrich used as antifungal agent

2.6. Poisoned food technique assay against mycotoxigenic fungi {#sec0040}
--------------------------------------------------------------

For Antifungal activity of plant extract: Potato dextrose agar medium (PDA) with different concentrations of aqueous and methanolic stems of *J. procera* extract will prepared separately. About 25 mL of the medium growth will pour into each petri-dish and allow to solidify. Disc (5 mm) of 5-day old culture of the tested fungus under study will inoculate at the center of the petri dish, after incubation period (6 days) at 30 °C the growth was measured in millimeter.

For antifungal activity of AgNPs: Different levels of AgNPs will be added into appropriate volum of the sterile media perior it solidified. The medium containing AgNPs was poured into the sterile Petri plate and inoculated. Medium without AgNPs will use as a negative controls. Diameter of colony will measure after 6 days and inhibition % of the growth of fungi in connection to control treatment was calculated according to the given equation:$$\mathbf{I} = \frac{\mathbf{C} - \mathbf{T}}{\mathbf{C}}\, \times 100$$Where I = Percentage of inhibition, C = Radial growth at control, T = Radial growth at treatment.

2.7. Effect the plant extract and AgNPs on mycotoxins production {#sec0045}
----------------------------------------------------------------

Potatoes dextrose broth media (100 mL) supplemented with different concentrations of plant extract and AgNPs in 250-mL Erlenmeyer conical flasks, followed by inoculation with 6-mm diameter discs of the *A*. *flavus*, then incubated at 28 ± 2 °C for 12 days in the dark. The filtrates of the culture media were obtained and assayed for the presence of mycotoxins with using GC/MS. Growth medium without plant extract and AgNPs was used as control.

2.8. Mycotoxins detection {#sec0050}
-------------------------

The tested mycotoxins were determined by Gas chromatograph with mass selective (GC/MS) and the procedure based on analytical methods described elsewhere \[[@bib0165]\]. GC/MS detector 6890/5975B (Agilent Technologies) was combined with the column HP-5MS, 30 m, 0.25 mm and 0.25 μm. The program of ChemStation was from Agilent Technologies for the system control and data processing. The carrier gas was helium with the column flow rate of 1 mL/min. The split less injection mode was used and injection volume was 1 μL. The inlet temperature was 270 °C, MSD ion source temperature 170 °C, mass filter temperature 150 °C and GC-MSD interface temperature 280 °C. The column temperature program was: 60 °C held for 2 min, 25 °C/min to 240 °C and 5 °C/min to 300 °C. Electron ionization (EI) was carried out at 70 eV and spectra were monitored in selected ion monitoring (SIM) mode.

A certified combined standard of different mycotoxins was purchased from sigma Aldersh After reconstitution in acetonitrile, the concentration of each toxin in the solution was 100 μg/mL. Working standard solutions with the concentrations of each was 0.2 and 2.0 μg/mL were prepared diluting the stock standard solution with acetonitrile. The extraction solvent, the mixture of acetonitrile and deionized water (84 + 16) was used. Prior to use, glass vials for the derivatisation were deactivated with 5 % dichlorodimethylsilane solution (25 mL of dichlorodimethylsilane diluted to 500 mL with hexane).

3. Results and discussion {#sec0055}
=========================

The identified mycotoxin producing fungus associated with spoilt fruits and vegetables ([Fig. 1](#fig0005){ref-type="fig"}) in the study area include A. flavus suggesting that fungus could be responsible for the fruit spoilage. The isolated fungus is known to produce secondary metabolites known as mycotoxins to human which is associated with liver cancer in animal and human. A. flavus (green colony) was isolated from tomato ([Fig. 1](#fig0005){ref-type="fig"}) Similar findings on the fungal isolation from fruits and vegetables stored in the market have been reported by earlier researchers \[[@bib0170]\].Fig. 1Fungal isolates and their sources. Arrow direction from spoiled fruits or vegetables to fungal isolates.Fig. 1

GC/MS analysis of *J. procera* extract reflect the presence of 46 constituents related to different secondary metabolites ([Table 1](#tbl0005){ref-type="table"} and [Fig. 2](#fig0010){ref-type="fig"}). The obtained results revealed the presence of monoterpenes known as thymol with RC 3.13 % in *J. procera* extract. Previous results revealed that thymol had the highest antibacterial activity \[[@bib0175],[@bib0180]\] and antifungal activity against plant pathogenic fungi \[[@bib0185],[@bib0190]\] and against grey molds in horticultural products caused by *Botrytis cinerea* \[[@bib0195]\], through the damage to the enzymatic cell system \[[@bib0200]\] that responsible for spore germination or interference with the amino acid involved in germination \[[@bib0205]\].Table 1Active ingredients of *J. procera* stems extract detected by GC/MS.Table 1NO.Compound NameRTRC (%)1β-Pinene9.910.6872β-Myrcene9.961.6873Camphene10.052.3124α-Pinene10.142.0625D,L-Limonene10.390.6506L-Limonene10.452.6877γ-Terpinene10.680.2758α-Terpinolene10.950.4509Linalool11.070.22510Allo-Ocimene11.381.05011Pinocarveol11.530.10012Carveol11.630.75013Camphor11.70.15014Thymol11.833.12515Verbenone12.350.11216Hexyl isovalerate12.480.17517Benzen, 1,3-bis-dimethylethyl12.570.26218Cyclohexene, 2-ethenyl-1, 3, 3-trimethyl-13.20.15019α-Terpinene13.473.22520α-Cubebene13.591.15021β-Elemene14.033.33722Trans-Caryophyllene14.380.47523β-Caryophyllene14.411.38724γ-Elemene14.497.07425Germacrene14.662.38726α-Humulene14.790.63727Copaene14.951.13728Cedrene14.990.16229β-Selinene15.511.01230δ-Cadinene15.41.90031Epoxy caryophyllene15.425.96232γ-Cadinene15.543.20033α-Muurolene15.590.28734γ-Selinene15.620.43735Germacrene B15.649.53636Elemol15.732.75037Hexadecane15.972.21237α-Cadinol15.990.78738Isospathulenol16.210.17539α-Amorphene17.130.80040Ledol17.350.16241Cedrol19.984.24942Eicosane21.960.40043Docosane26.965.61244Heptacosane29.060.16245Nonacosane32.050.26246Stenol18.046.049Fig. 2GC--MS chromatogram of *J. procera* stem extract.Fig. 2

Trans-Caryophyllene, β-Caryophyllene and Epoxy caryophyllene were detected in stems of *J. procera* with RC 0.475, 1.387 and 5.962 %, respectively. Emami et al. \[[@bib0210]\] reported the presence of caryophyllene in *J. excels*. According to GC/MS of *J. virginiana* and *J. communis* aerial parts, caryophyllene was also detected \[[@bib0215]\] particularly in the branches. The antibacterial and antifungal activities of caryophyllene and caryophyllene oxide were exhibited in numerous studies \[[@bib0220],[@bib0225]\].

The obtained results of GC/MS showed the existence of pinene derivatives including β-Pinene, α-Pinene and γ-Terpinene in *J. procera* extract ([Table 1](#tbl0005){ref-type="table"}). α-pinene was identified as a component of active ingredients of *J. communis*, and exhibited fungistatic effect \[[@bib0230]\]. β-Elemene, γ-Elemene, Camphene, β-Pinene and α-cubebene were identified with highest concentration compared with other components ([Table 1](#tbl0005){ref-type="table"}), these components with caryophyllene and pinene displayed great potential of antifungal activity as a mycelial growth inhibitor against the tested phytopathogenic fungi such as *Rhizoctonia solani*, *Botrytis cinerea*, *Fusarium solani*, *Phytophthora capsici* and *Colletotricum capsici* \[[@bib0235]\]. Antifungal and antibacterial activity against *Aspergillus niger*, *Staphylococcus aureus* and *Bacillus cereus* were attributed to the presence of active ingredient in the current tested plant *J. procera* extract such as α-Humulene ([Table 1](#tbl0005){ref-type="table"}) \[[@bib0240]\], α-cadinol as a constituent of *J. procera* extract has shown activity against *B. cereus* and *S. aureus* according to Su and Ho \[[@bib0245]\]. The antibacterial and antifungal activity can be attributed to the relatively high concentrations of (*E*)-caryophyllene, α-humulene, *δ*-cadinene, and α-cadinol in the oil of *Ocimum forskolei* and *Teucrium yemense* (Lamiaceae) \[[@bib0250]\].

[d]{.smallcaps},[l]{.smallcaps}-Limonene, [l]{.smallcaps}-Limonene and other active ingredients of *J. procera* plays an important role for antimicrobial activities as mentioned in numerous studies, where Several reports have proved that limonene interacts with the cytoplasmic membranes of bacteria, resulting in a loss of membrane integrity, the dissipation of the proton-motive forces, and the inhibition of the respiratory enzymes \[[@bib0255],[@bib0260]\].

According to Sieniawska et al. \[[@bib0265]\], some terpenes comounds such as [d]{.smallcaps},[l]{.smallcaps}-Limonene, [l]{.smallcaps}-Limonene, β-Myrcene, α-Pinene and β-Elemene enhanced the activity of tuberculostatic antibiotics. The oil isolated from the calyx of *Salvia brachyodon* contained β-pinene, α-pinene, camphene, borneol, and camphor as components also of *J. procera*, possessed the best antifungal activity against *Trichophyton mentagrophytes*, *Aspergillus niger,* and *Candida albicans* \[[@bib0270]\]. GC/MS analysis identified sesquiterpene alcohol (Cedrol) in the extract of *J. procera* ([Table 1](#tbl0005){ref-type="table"}), those compound was identified in *J. virginiana*, and showed highest inhibitory effects against brown-rot fungus *Gloeophyllum trabeum* \[[@bib0270]\]. Also, Tumen et al. \[[@bib0010]\] reported the antifungal activity of three species of *J. virginiana*, *J. ashei*, *J. occidentalis* that attributed to cedrol.

Results of antifungal activity of aqueous and methanolic *J. procera* stems extract and AgNPs are presented in [Table 2](#tbl0010){ref-type="table"}. The obtained observations suggested that methanolic extract had strong, while aqueous extract had negligible antifungal activity. Unfortunately low concentration of aqueous *J. procera* (30 mg/mL) extract stimulated the growth of *A. flavus* where the growth increased up to 4.4 mm compared with control (4.07 mm) without any treatment. Similar phenomenon was observed by Mughal et al. \[[@bib0275]\], who found that some allelochemicals can enhance the fungal growth at different concentrations. The differences in the toxicity of different extracts could be attributed to the presence of the active compounds that are extracted by different solvents, which may be influenced by numerous factors including extraction methods, type of extracting solvent and time of harvesting plant materials \[[@bib0280]\]. Heartwood samples from three species of *J. virginiana*, *J. occidentalis*, and *J. ashei* were extracted with hexane, methanol and ethanol; and tested for antifungal activity against *Irpex lacteus*, *Gloeophyllum trabeum*, *Postia placenta*, *Trametes versicolor* which known as wood-rot fungi. The ethanol extracts had higher antifungal activity than the hexane extracts \[[@bib0010]\].Table 2Effect of different concentrations of *J. procera* aqueous and methanolic stems extract and AgNPs on *A. flavus* growth.Table 2TreatmentAqueousMethanolicGrowth(mm)Inhibition (%)Growth(mm)Inhibition (%)Control4.07 ± 0.120.004.07 ± 0.120.0030 mg/mL PE4.40 ± 0.170.002.00 ± 0.0150.8660 mg/mL PE3.93 ± 0.123.441.97 ± 0.0251.6090 mg/mL PE3.93 ± 0.213.441.93 ± 0.0652.5825 ppm AgNPs3.00 ± 0.0126.293.00 ± 0.0126.2950 ppm AgNPs3.00 ± 0.0226.293.00 ± 0.0226.29100 ppm AgNPs2.47 ± 0.0639.312.47 ± 0.0639.3130 mg/mL PE + 50 ppm AgNPs4.43 ± 0.120.001.97 ± 0.0652.0060 mg/mL PE + 50 ppm AgNPs3.90 ± 0.174.171.47 ± 0.0663.8890 mg/mL PE + 50 ppm AgNPs3.90 ± 0.264.171.47 ± 0.1563.88[^1]

Various concentrations of methanolic *J. procera* extract (30, 60 and 90 mg/mL) showed antifungal activity on the growth of *A. flavus,* where the growth inhibition was 50.86, 51.60 and 52.58 % respectively. From microscopically examination of *A. flavus* at *J. procera* treatments showed that sporogenisis was inhibited. This observation was clear also from the appearance of white color of coloy compared with the coloy color at control or at AgNPs treatments ([Fig. 3](#fig0015){ref-type="fig"}) unlike aqueous extract ([Fig. 4](#fig0020){ref-type="fig"}), the colony color was similar to color of colony at control treatment. These results may explained on the bases of the presence of active ingredients in *J. procera* that recorded by GC/MS analysis. The previous studies on *J. procera* showed inhibitory effect on the growth of fungi \[[@bib0045],[@bib0285]\]. Similarly, the essential oil from these plants was also found effective against fungal contamination of food products \[[@bib0290]\]. Antifungal activity of *Juniperus* essential oils of different species of *Juniperus* including *J. communis* ssp. *alpina, J. oxycedrus* ssp. *oxycedrus* and *J. turbinata* was reported against *Aspergillus* and dermatophytes \[[@bib0295]\].Fig. 3Effect of different concentrations of *J. procera* methanolic stem extract and AgNPs on *A. flavus* growth. 1, 30 mg/mL extract; 2, 60 mg/mL extract;3, 90 mg/mL extract; 4, 25 ppm AgNPs; 5, 50 ppm AgNPs; 6, 100 ppm AgNPs; 7, 30 mg/mL extract +50 ppm AgNPs;8, 60 mg/mL extract+50 ppm AgNPs;9, 90 mg/mL extract+50 ppm AgNPs;10, Control without treatment.Fig. 3Fig. 4Effect of different concentrations of *J. procera* aqueous stem extract and AgNPs on *A. flavus* growth. 1, 30 mg/mL extract; 2, 60 mg/mL extract;3, 90 mg/mL extract; 4, 25 ppm AgNPs; 5, 50 ppm AgNPs; 6, 100 ppm AgNPs; 7, 30 mg/mL extract +50 ppm AgNPs;8, 60 mg/mL extract+50 ppm AgNPs;9, 90 mg/mL extract+50 ppm AgNPs;10, Control without treatment.Fig. 4

The inhibitory effect of AgNPs at different concentrations (25, 50 and 100 ppm) was recorded against *A. flavus* ([Table 2](#tbl0010){ref-type="table"}). The lowest level of inhibition was observed against*A. flavus* at 25 ppm concentration of AgNPs, while the highest level of inhibition was observed at 100 ppm concentration of AgNPs (39.31 %). The results clearly demonstrated that AgNPs are hopeful antifungal agents against fungi. The use of AgNPs as antifungal agents has become more common in the current time. AgNPs display numerous mechanisms of inhibitory action to microorganisms; they may be applied for repress different phytopathogens in a relatively safe way compared to synthetic fungicides \[[@bib0105]\]. The antifungal mechanism of AgNPs may be due to the fact that the formation of free radicles produced from the nanoparticles could disturb the membrane lipids and then finally spoil the functions of membrane \[[@bib0300],[@bib0305]\]. Recent studies have indicated that the AgNPs is able to cause DNA and proteins to leak outside fungal cells \[[@bib0290]\], beside distortions and damage of fungal mycelia \[[@bib0120]\]

Combined activity of the AgNPs with aqueous and methanolic *J. procera* stems extract was studied also. When tested together the combination of *J. procera* stems extract with AgNPs showed synergistic effect against *A. flavus* growth. Enhancement of antifungal activities of *J. procera* stems extract was observed by calculating of growth inhibition. Extracts at 60 mg/mL and 90 mg/mL with 50 ppm AgNPs showed inhibition 63.88 % compared with treatments without AgNPs. The overall result is shown in [Table 2](#tbl0010){ref-type="table"}. The current finding were agree with recent results of Bakri et al. \[[@bib0020]\]. The synergistic action of AgNPs with *J. procera* stems extract may open the door for a future combination treatment against mycotoxigenic fungi. Recently, AgNPs promoted the effect of numerous antibiotics against *Escherichia coli* \[[@bib0310]\] and epoxiconazole against *Setosphaeria turcica* \[[@bib0315]\].

Aflatoxins are a potent toxic created as secondary metabolites by the fungus *A*. *flavus* and other species. Antifungal agents extracted from plants could be exploited in repress the fungi growth consequently inhibiting aflatoxin synthesis \[[@bib0020],[@bib0060]\]. A clearly complete inhibition in aflatoxin B~2~ synthesis was observed, when *A. flavus* treated with methanolic extract of *J*. *procera*, where the aflatoxin B~2~ production was zero in all concentrations compared with control was 10.43 μg/mL. The same effect showed when added the 50 ppm of AgNPs with 30, 60 and 90 mg/mL of methanolic *J*. *procera* extract. On the other hand, reduction in aflatoxin B~2~ production was observed with aqueous extract treatment, where the aflatoxin B~2~ was 8.23, 6.36 and 6.66 ppm at 30, 60 and 90 mg/mL plant extract ([Table 3](#tbl0015){ref-type="table"}). The previous study by Abd El-Ghany \[[@bib0045]\] was agreement with current results, where the extract of *J. procera* demonstrated good inhibitory effect on mycotoxins of *A. flavus*, where the production of aflatoxins B~1~ was reduced, while aflatoxins B~2~ was completely inhibited with the treatment by *J*. *procera* extract. According to numerous studies, fungitoxic effects indicate that *J. procera* extract block the metabolic pathway of aflatoxins biosynthesis \[[@bib0320],[@bib0325]\].Table 3Effect of different concentrations of *J*. *procera* aqueous and methanolic stems extract with AgNPs on aflatoxins productions.Table 3TreatmentAflatoxin concentration (μg/mL)Aqueous extractMethanolic extractB~1~B~2~G~1~G~2~B~1~B~2~G~1~G~2~Control0.0010.430.000.290.0010.430.000.2930 mg/mL PE0.008.230.008.230.000.000.000.0060 mg/mL PE0.006.360.000.000.000.000.000.4390 mg/mL PE0.006.660.000.000.000.000.001.5625 ppm AgNPs0.007.980.000.000.007.980.000.0050 ppm AgNPs0.008.470.000.000.008.470.000.00100 ppm AgNPs0.008.150.000.000.008.150.000.0030 mg/mL PE + 50 ppm AgNPs0.008.880.000.000.000.000.000.0060 mg/mL PE + 50 ppm AgNPs0.006.150.000.620.000.000.000.7790 mg/mL PE + 50 ppm AgNPs0.000.000.000.000.000.000.001.04

From the current results aflatoxins B~1~ and G~1~ not detected in the culture filtrate of untreated or treated growth medium ([Table 3](#tbl0015){ref-type="table"}), therefore stimulation of its production by plant extracts not observed. The results showed the increasingly production of aflatoxin G2, when tested with aqueous stems extract at 30 mg/mL, but reduced when treated with methanolic stems extract at the same concentration. The production of aflatoxin G2 at 30 mg/mL was 8.23 μg/mL, compared with control where the aflatoxin G2 was 0.29 μg/mL. Antifungal index and aflatoxin production by *Aspergillus parasiticus* using antifungal, juniper EO, increased in parallel, while applying sub-lethal concentrations of EOs might induce stress response in *A. parasiticus* leading to increased aflatoxin production \[[@bib0330]\]. Gömöri et al. \[[@bib0335]\] tested the effect of essential oils (EOs) of cinnamon, clary sage, juniper, lemon and marjoram for inhibition of growth and aﬂatoxin production by *Aspergillus parasiticus*, and found decrease the amount of aﬂatoxin B~1~ and G~2~. Inhibition of growth of aflatoxigenic *A. flavus* and *A. niger* growth was recorded by Pankaj et al. \[[@bib0060]\] through different fractions of *Juniperus* leaves and bark extracts.

A great deal of scientific papers reported the antibacterial \[[@bib0340]\] and antifungal \[[@bib0085],[@bib0095]\] activity of AgNPs. However, few studies reported the activity of AgNPs against mycotoxins production. The obtained results showed the inhibitory action of AgNPs against aflatoxin B2 production, at the same time aflatoxin G2 production was completely inhibited. In agreement with the current result, AgNPs have been found to be eﬀ ;ective in thwarting the synthesizing of the mycotoxins of *A. ochraceus* \[[@bib0125]\],*Fusarium graminearum* \[[@bib0345]\], *A. flavus* and *A. parasiticus* \[[@bib0350]\].

The synergistic action of 90 mg/mL plant extract with 50 ppm of AgNPs was observed in case aflatoxin B2 production ([Table 3](#tbl0015){ref-type="table"}), where its completely inhibited compared with using plant extract or AgNPs alone. The results are consistent with recent study reported the activity of AgNPs with *J. procera* extract toward mycotoxins production by *Aspergillus fumigatus* and *Fusarium chlamydosporum* \[[@bib0020]\]. Also, this observation parallels findings in a study carried out by Hafez et al. \[[@bib0355]\], who stated that AgNPs used as nanofungicides to inhibit the fungal growth and subsequent aflatoxins production in cereal grains during storage. Ayatollahi \[[@bib0360]\] demonstrated that a minimum inhibition concentration (MIC) equal to 180 μg/mL was determined for AgNPs against *A. parasiticus*, at the same time AgNPs effectively inhibited aflatoxin B1 production at a concentration of 90 μg/mL. Generally from the obtained results s of fungal growth of *A. flavus* and its mycotoxins production, there was no correlation between the inhibition of growth and mycotoxins production. However these notes were agreement with previous studies \[[@bib0365],[@bib0370]\], but this phenomenon needs more studies. In study carried out by Neveen \[[@bib0375]\] found that the complete inhibition of *A. flavus* growth was observed at 1000 ppm oil concentration of *Ocimum basilicum*, while marked inhibition of aflatoxin B~1~ production was observed at 500, 750 and 1000 ppm oil concentrations tested.

4. Conclusion {#sec0060}
=============

The results obtained from the current study showed that plant extracts of the metanolic stems extract of *J. procera* exhibit antifungal effects against *A. flavus* growth and its mycotoxins. The study demonstrated the enhanced antifungal effect by combination of *J. procera* extract with AgNPs against *A. flavus*. The present study also helped in identifying phytoconstituents present in the extract which are responsible for various biological and antifungal activities.
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[^1]: ±, Standard Deviation.
